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plexes generates an extra thiol in the dithiolane ring, which is then susceptible to a stable modification with maleimides, resulting in loss of catalytic function (Brown & Perham, 1976) .
PDC and O G D C were purified from fresh ox heart (De Marcucci et ul.. 1985) . T h e activities of both these complexes were not affected by incubation at room temperature with 0.5 mM-N-ethylmaleimide for 1 h. Addition of. respectively, 2 mwpyruvate and 2 m~-2-oxoglutarate resulted in rapid, irreversible inhibition complete within 10 min. Use o f N-ethyl-[ 2,3-"C]maleimide in this reaction and resolution of the inhibited complexes by SDS/polyacrylamide-gel electrophoresis and fluorography confirmed that the lipoate acetyltransferase and component X subunits of PDC and the lipoate succinyltransferase of OGDC were modified by the maleimide. However, when PDC was preincubated at room temperature with pyruvate before addition of Ncthylmaleimide, there was a time-dependent protection against inhibition of overall activity by the maleimide. After SO min incubation of PDC with pyruvate, addition of Ncthylmaleimide could only produce approx. 10% inhibition o f activity. Prior addition of acetyl-CoA to NADH-reduced PDC also prevented the inhibitory effect of N-ethylmaleimide but more rapidly, with 90% protection occurring 1 0 min after addition of acetyl-CoA. Incubation of PDC with either substrate in the absence of N-ethylmaleimide had no effect on ovcrall activity. There was greatly reduced incorporation of N-ethyl [ 2,3-1'C]maleimide into E 2 and component X subunits if PDC was preincubated with pyruvate or acetyl-CoA. These results suggested that prolonged incubation of PDC with pyruvate in the absence of acetyl-CoA or with acctyl-CoA plus N A D H led to the second thiol on the E 2 lipoyl group becoming unamenable to modification with N-ethylmaleimidc. When PDC was incubated with 12-1JC]pyruvate it was found that acquisition of resistance to N-ethylmaleimide inhibition over 60 rnin was accompanied by a slow increase in ["C]acetyl group incorporation into the complex after the initial rapid phase. Table 1 shows that incorporation of [ lJC]acetyI groups from [2-"C]pyruvate into both E2 and component X was approximately doubled in the absence of N-ethylmaleimide. One explanation of these observations is that a prolonged incubation with acetylating substrate under the conditions employed produced S", Sx-(diacetylj-lipoyl groups. T h e formation of Sh, Sx-(diacetyljlipoamide by mammalian PDC has been detected previously by '?C-n.m.r. spectroscopy ( O C o n n o r et al. , 1982) . Another interpretation is that acetylation of a second lipoate residue permitted interaction of two acetyl-lipoyl groups such that neither might react with N-ethylmaleimide, perhaps by Recently, our group has investigated molecular events in the biosynthesis, targeting and assembly of the eukaryotic pyruvate dehydrogenase multienzyme complex (PDC) and the Abbreviations used: PDC, pyruvate dehydrogenase complex; OGDC, 2-oxoglutarate dehydrogenase complex; PTP, phosphate transport protein; CCCP, m-chlorocarbonylcyanide phenylhydrazone. related 2-oxoacid dehydrogenase complexes, mainly in mammalian cells (Hunter & Lindsay, 1986; D e Marcucci et al., 1988) . Similar studies are now reported on the precursor states of the E 2 and E1P polypeptides of PDC from Saccharomyces cerevisiae and on the identification, purification and import of the phosphate-hydroxyl antiporter (PTP), an integral hydrophobic carrier of the mitochondrial inner membrane.
In the case of PDC, the 2-oxoglutarate dehydrogenase (OGDC) and branched-chain 2-oxoacid dehydrogenase complexes, the distinct substrate-specific dehydrogenases ( E l ) and the common lipoamide dehydrogenase (E3) polypeptides are synthesized initially as cytosolic precursors with 
Fig. I . Detection of the maticre arid preciirsor forms o f t h e EZ comporierir of PIX' arid mitochoridrial I'TI' in S. cerevisiae
Cultures of this rho-yeast strain were grown for 8 h at 23°C in the presence of 0, 1,2,5, 10 or 20 PM-CCCP. Cell extracts (100 p g of protein) were prepared and analysed on 12.5% (w/v) SDS/polyacrylamide gels as described by Reid & Schatz ( 1982) . After transfer to nitrocellulose, pre-E2 and PTP polypeptides were reacted with anti-(ox heart PDC) IgG or anti-(rat liver PTP) IgG and immune complex formation visualized with ' ?51-labelled protein A as described previously (De Marcucci et al., 1985) . The resulting autoradiograph was subjected to densitometric analysis on an LKB 2202 Ultrascan laser densitometer results were expressed relative to zero time controls. A , P T P 0 , E2; 0 , pre-E2.
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M, values 1500-3000 greater than the mature subunits. In contrast, pre-E2 species exhibit markedly decreased mobilities on SDS/polyacrylamide gels consistent with the presence of presequences in the M, range 5000-9000. Immunological data also indicate that pre-E2 of PDC and OGDC exist in a conformation different from the mature form which ( a ) may facilitate translocation across the inner membrane (Zimmerman & Meyer, 1986) or (6) prevent premature assembly of the core structure before uptake (Hunter & Lindsay, 1986) . The PTP belongs to a family of mitochondrial transmembrane carriers with related structures (Runswick et al., 1987) including the adenine nucleotide translocase and the uncoupler protein of brown fat mitochondria. In the case of the two latter transporters, no proteolytic processing appears to accompany their insertion into the inner membrane (Adrian et al., 1986; Aquila et al., 1985) ; however, recent cloning of the bovine PTP gene indicates the presence of a 49-amino acid N-terminal sequence not found in the mature protein.
In this study, we have utilized the strong cross-reactivity o f anti-(ox heart PDC) IgG and anti-(rat liver PTP) IgG to detect the mature forms of the equivalent yeast polypeptides and examine the nature of their precursor states in a rhomutant of S. cerevisiue (D273-10B-1). This mutant can accumulate vast cytoplasmic pools of mitochondria1 precursors when grown for two to three generations in the presence of uncouplers of oxidative phosphorylation, e.g. m-chlorocarbonylcyanide phenylhydrazone (CCCP; Reid & Schatz, Initial immune replica analysis of the individual purified enzymes of yeast PDC with anti-(ox heart PDC) IgG demonstrated that a strong cross-reaction was observed only with the E 2 and E l p subunits; a weak reaction was also found with E 3 while no response was found with E 1 a. Subsequent immunoblotting of crude yeast extracts, derived from cells grown for 7-8 h in the presence of 1-20 p~-C C C P as in Fig.  1 confirmed the specific detection of the E2 and E l p polypeptides. Moreover, pre-E2 and pre-E 1 p species were apparent in CCCP-inhibited cultures, exhibiting M , values 7000-8000 and 3000-4000 greater than their mature states, consistent with earlier observations in mammalian cells. As shown in Fig. I ., densitometric analysis of thc immunoblot reveals that appearance of pre-E2 is readily visualized with maximal accumulation occurring in the presence of 5 PM-CCCP, while there is also a corresponding decline in the amount of mature E2 per cell. At higher lcvels of CCCP, protein synthesis (and cell division) is markedly inhibited and the accumulation of precursor forms is less dramatic. Similar results were obtained for the E1/3 precursor (not shown).
In contrast (Fig. 1 ) , no appearance of a higher M , form of the PTP protein is observed under these conditions and the level of PTP per cell remains at a constant level during two t o three cell divisions, indicative of the continued synthesis of a precursor form of identical M , value in the prcsencc of CCCP. Thus the yeast PTP may not contain a proteolytically cleavable 'signal' sequence. The strong cross-reactivity of antibody raised to rat liver PTP, subunit M , 34000 with the equivalent yeast protein, subunit M , 30 000 has facilitated the purification and characterization of the yeast carrier. Yeast PTP has proved amenable to purification using a scheme derived originally for rat liver/beef heart PTP (Gibb et al., 1986) , involving preextraction of mitochondria in buffer containing 0.5%, (v/v) Triton X-100, solubilization in the presence of 8% (v/v) Triton X-100, and absorption chromatography on hydroxylapatite and 'Celite'.
